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(57)Abstract: 

PURPOSE: To improve a visual characteristic and to 
form bright display images free from a rough feel by 
providing the liquid crystal display device with a liquid 
crystal layer having perpendicularly oriented liquid 
crystal molecules between pixel electrodes and counter 
electrodes and providing the counter electrodes with 
apertures. 

CONSTrrUTION: This liquid crystal display device is 
provided with the liquid crystal layer 13 having the 
perpendicularly oriented liquid crystal molecules between 
the pixel electrodes 11 and the counter electrodes 13. 
The counter electrodes 13 are provided with the 
apertures 14. Since the counter electrodes 13 do not 
exist in the regions where the apertures 14 are formed, 
the electric fields existing between the pixel electrodes 
11 and the counter electrodes 13 are very weak in the 
regions where the apertures 14 are formed. The liquid 
crystal molecules in the liquid crystal layer 12 existing in 
the regions where the apertures 14 hardly receive the 

influence of the electric fields existing between the pixel electrodes 1 1 and the counter 
electrodes 13. The liquid crystal molecules in the regions, therefore, maintain the initial 
perpendicular orientation state and are stably and fully erect in the perpendicular direction. The 
orientability of the liquid crystal molecules existing on the peripheries of the regions where the 
apertures 14 are formed is consequently stabilized as well by the interaction with the liquid 
crystal molecules existing in the regions where the apertures 14 are formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trauislation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A liquid crystal display characterized by having prepared a liquid crystal layer (12) which has 
a liquid crystal molecule by which perpendicular orientation was carried out between pixel electrodes 
(11) and counterelectrodes (13) by which two or more formation was carried out, and preparing opening 
( 1 4) in said counterelectrode (13). 

[Claim 2] Said opening (14) is a liquid crystal display given in the 1st term of a claim characterized by 
being prepared in said counterelectrode (13) of a field in which said pixel electrode (1 1) was formed. 



[Translation done,] 
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damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an improvement of the image display of the liquid 
crystal display using an ECB (Electrically Controlled Birefringence) method, if it says in more detail 
about a Uquid crystal display. 
[0002] 

[Description of the Prior Art] It explains referring to a drawing about the liquid crystal display 
concerning the conventional example below. Generally, as a liquid crystal display, many things to 
depend on TN (Twisted Nematic) method are used. In case this equipment forms a liquid crystal layer, it 
changes the direction of orientation of the orientation film of two upper and lower sides, and he is trying 
to be twisted when a liquid crystal molecule is in voltage the condition of not impressing. 
[0003] In this case, in order to arrange with an one direction the molecule of the surface of the 
orientation film which consists of poly membranes, such as polyimide, in order to determine the 
direction of orientation of a liquid crystal molecule, it is necessary to perform processing (for this 
processing to be called rubbing processing) which grinds the orientation film surface towards desired 
with silk etc. However, since static electricity occurs in the case of this rubbing processing, in order to 
inhibit that effect behind, it will be necessary to carry out electrostatic processing, and that part 
production process will increase. 

[0004] Moreover, in the liquid crystal display of TN method, it will change considerably with directions 
which a viewing-angle property looks at, and, moreover, will be generated to reversal, and the problem 
that a good viewing-angle property is not securable will arise. A good viewing-angle property depends 
this on limit peculiar to TN mode of being limited in the direction of rubbing. There is a liquid crystal 
display called ECB in which the molecule of the orientation fihn surface carried out orientation 
perpendicularly on the other hand. 

[0005] Drawing 10 is drawing showing the configuration of the liquid crystal display of the 
perpendicular orientation film use concerning the conventional example. The Uquid crystal display of 
the perpendicular orientation film use concerning the conventional example is TFT (Thin Film 
Transistor: thin film transistor) on the 1st polarizing plate (1). It comes to carry out sequential formation 
of a substrate (2), the 1st perpendicular orientation fihn (3), a liquid crystal layer (4), the 2nd 
perpendicular orientation film (5), a counterelectrode (6), and the 2nd polarizing plate (7). According to 
the equipment concerned, since the molecule of the orientation film surface has stood perpendicularly, 
the liquid crystal molecule has also stood perpendicularly according to it, but rubbing processing 
becomes unnecessary in this case. Moreover, the polarization shaft of the 1st polarizing plate (1) and the 
polarization shaft of the 2nd polarizing plate (7) are making the 90-degree angle of each other (this 
condition is called a crossing Nicol's prism below). 

[0006] Incidence of the hght is first carried out from the 1st polarizing plate (1) side, actuation of the 
equipment concerned penetrates a TFT substrate (2), and incidence is carried out to a liquid crystal layer 
(4). Since the light which comes out of a liquid crystal layer (4) since the liquid crystal molecule (4A) of 
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a liquid crystal layer (4) has stood in the direction of a vertical has only a linearly polarized light 

component and it will be completely cut with the 2nd polarizing plate (7) when voltage is not impressed 
between the pixel electrode which is not illustrated on a TFT substrate (2), and the counterelectrode (6), 
Hght does not penetrate. 

[0007] On the other hand, if voltage is impressed, since electric field will occur between the pixel 
electrode which is not illustrated on a TFT substrate (2), and a counterelectrode (6) and a liquid crystal 
molecule (4A) will incline to it according to it The light which comes out of a liquid crystal layer (4) 
progresses along the direction of a major axis of a hquid crystal molecule (4A), the light which comes 
out of a liquid crystal layer (4) has a linearly polarized light component and a elliptically-polarized-Ught 
component, and the elliptically-polarized-light component which is not cut with the 2nd polarizing plate 
(7) penetrates the 2nd polarizing plate (7). 
[0008] 

[Problem(s) to be Solved by the Invention] However, according to the liquid crystal display by the 
above-mentioned conventional electrode disposition, a problem as shown below arises. Drawing 1 1 is 
the plan having shown the drive condition of the liquid crystal display conceming the conventional 
example, and drawing 12 is the Y-Y line cross section of drawing 1 1 . Moreover, drawing 13 is drawing 
explaining the trouble of the liquid crystal display conceming the conventional example, and is drawing 
which impressed voltage to each pixel electrode, changed into the condition of having penetrated light, 
and looked at the equipment concemed from the display screen. 

[0009] Since the potential difference is between a pixel electrode (2a) and a counterelectrode (6) when 
the liquid crystal display concemed is in a drive condition Electric field occur between a 
counterelectrode (6), a pixel electrode (2a), and a gate bus line (2b, 2c), and the liquid crystal molecule 
(4A) in the liquid crystal layer (4) between a counterelectrode (6) and a pixel electrode (2a) inclines, as 
shown in drawing 1 1 and drawing 12 according to this field strength. 

[0010] Although the light irradiated firom the back of the equipment concemed in the formation field of 
a pixel electrode (2a) as shown in drawing 13 is penetrated at this time, light is not penetrated in this 
protection-from-light field (8) the protection- from-light film for the improvement in contrast is formed 
in fields other than this, and [calls this field below a protection-from-light field (8)]. However, also in 
the formation field of the pixel electrode (2a) which light penetrates, as shown in drawing 13 , it appears 
on each pixel and this portion is shaded [ stripes / which show the boundary of the direction of 
orientation of a hquid crystal molecule / [a disclination Une (9) is called below] ]. 
[001 1] By the way, since the direction of orientation of a liquid crystal molecule becomes an 
ununiformity inevitably in case liquid crystal is enclosed between perpendicular orientation films, 
variation arises in the direction of orientation of the liquid crystal molecule of each pixel in initial 
condition. For this reason, even if it impresses the voltage of the same conditions to each pixel, it will 
appear in an ununiformity, without a disclination Une (9) appearing in the same part to each pixel, as 
shown in drawing 13 . 

[0012] Therefore, since the appearance part of a disclination line (9) was various about each pixel, the 
problem that ZARATSUKI (phenomenon which seems to have scattered white sand into the black 
portion if a display image is a black screen) of an image appeared had arisen. 
[0013] 

[Means for Solving the Problem] As this invention was accomplished in view of the above-mentioned 
conventional defect and shown in drawing 1 By having prepared a liquid crystal layer (12) which has a 
liquid crystal molecule by which perpendicular orientation was carried out between pixel electrodes (11) 
and counterelectrodes (13) by which two or more formation was carried out, and having prepared 
opening (14) in said counterelectrode (13) Without requiring rubbing processing, a viewing-angle 
property improves and a liquid crystal display which becomes possible [ realizing an improvement of a 
display image ] is offered. 
[0014] 

[work ~] for According to the liquid crystal display conceming this invention, as shown in drawing 1 , a 
liquid crystal layer (12) which has a liquid crystal molecule by which perpendicular orientation was 
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carried out is prepared between pixel electrodes (11) and counterelectrodes (13) by which two or more 

formation was carried out, and opening (14) is prepared in a counterelectrode (13). 
[0015] For this reason, since a counterelectrode (13) does not exist in a formation field of opening (14), 
electric field between a pixel electrode (11) and a counterelectrode (13) are feeble in a formation field of 
opening (14), and a liquid crystal molecule in a liquid crystal layer (12) which exists in a formation field 
of opening (14) is hardly influenced of electric field between a pixel electrode (11) and a 
counterelectrode (13). Therefore, a liquid crystal molecule in this field holds a condition of 
perpendicular orientation of the beginning, and has stood in the direction of a vertical, and becomes 
stability. 

[0016] therefore, a liquid crystal molecule which exists in a formation field of opening (14) - the 
direction of a vertical — and since it has stood on stability, the stacking tendency of a Hquid crystal 
molecule which exists on the outskirts of a formation field of opening (14) is also stabilized by 
interaction with a liquid crystal molecule in a formation field of opening (14). Therefore, orientation of 
the direction of orientation of a hquid crystal molecule of each pixel is carried out with a certain 
regularity as orientation is carried out toward a center of a pixel. 

[0017] Though the direction of orientation of a hquid crystal molecule varies somewhat for every pixel 
since orientation of the liquid crystal molecule is similarly carried out about all pixels if this prepares 
opening (14) in the same location of each pixel formation field, it appears in homogeneity in the part 
where a disclination line which shows the direction of orientation of a liquid crystal molecule is ahnost 
the same about each pixel. Therefore, it becomes possible to inhibit ZARATSUKI of an image. 
[0018] Therefore, it becomes possible to obtain a clear display image which whose viewing-angle 
property improves and does not have ZARATSUKI, without needing rubbing processing like the 
conventional TN method. 
[0019] 

[Example] It explains referring to drawing 2 - drawing 9 about the liquid crystal display concerning the 
example of this invention below. 

(1) Explain the important section of the liquid crystal display concerning the 1st example of this 
invention below in the 1st example. Drawing 2 is a plan explaining the electrode disposition of the 
liquid crystal display concerning the 1 st example of this invention, and drawing 3 is X-X-ray cross 
section of drawing 2 . 

[0020] The electrode disposition of the liquid crystal display applied to the 1st example of this invention 
as shown in drawing 3 On a TFT substrate (22), consist of an ITO film and 300 micrometers long and a 
200 micrometers wide pixel electrode (22a) are formed. A gate bus line (22b, 22c) with a width of face 
of about 10 micrometers is formed in the both sides. Sequential formation of the liquid crystal layer and 
the 2nd perpendicular orientation film (25) which have tiie 1st perpendicular orientation fihn (23) which 
has the molecule by which perpendicular orientation was carried out on it, and the hquid crystal 
molecule (24A) by which perpendicular orientation was carried out is carried out, and the 
counterelectrode (26) which consists of an ITO film on it is formed. In addition, opening (26A) which 
has a with an one-side square [ 10-micrometer square ] configuration in the counterelectrode (26) of the 
formation field of a pixel electrode (22a) which is in a central field mostly is prepared. 
[0021] Moreover, the non-illustrated drain bus line is formed and TFT which is not illustrated [ which 
impresses driver voltage to a pixel electrode (22a) ] is prepared around the pixel electrode (22a) so that it 
may intersect perpendicularly with a gate bus line (22b, 22c). If the liquid crystal display concerned is 
operated and voltage is impressed to a pixel electrode (22a), electric field will occur between a pixel 
electrode (22a) and a counterelectrode (26), and the liquid crystal molecule (24A) of the liquid crystal 
layer in the formation field of a pixel electrode (22a) will incline under the effect. 
[0022] Since a counterelectrode (26) does not exist in opening (26A) at this time, the electric field in 
that field are feeble, and the liquid crystal molecule (24A) which exists in the formation field of opening 
(26A) is hardly influenced of electric field. Therefore, the hquid crystal molecule in this field holds the 
condition of the perpendicular orientation of the beginning, and has stood perpendicularly, and is stable. 
Therefore, since the liquid crystal molecule (24A) which exists in the formation field of opening (26A) 
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has stood at right angles to stabiUty, the stacking tendency of the Hquid crystal molecule (24A) which 
exists on the outskirts of a formation field of opening (26A) also becomes stabiUty by the interaction 
with the liquid crystal molecule (24 A) in the formation field of opening (26 A). Therefore, as shown in 
drawing 5 , the direction of orientation of the hquid crystal molecule (24 A) of each pixel carries out 
orientation so that it may go to the core of a pixel. 

[0023] Though the direction of orientation of a liquid crystal molecule varies for every pixel somewhat 
since orientation of the liquid crystal molecule (24A) is similarly carried out about all pixels if this 
prepares opening (26A) in the same location of each pixel formation field, as shown in drawing 4 , the 
disclination line which shows the boundary line of the direction of orientation of a liquid crystal 
molecule (24A) appears in homogeneity about each pixel Therefore, it becomes possible to inhibit 
ZARATSUKI of an image. 

[0024] Therefore, it becomes possible to obtain the clear display image which whose viewing-angle 
property improves and does not have ZARATSUKI. Moreover, also in the field of a viewing-angle 
property, it is effective. Drawing 5 is a graph which shows the viewing-angle property of the hquid 
crystal display in NB (Normally Black) mode concerning this example, a horizontal axis is applied 
voltage impressed to a liquid crystal layer, and the axis of ordinate shows the permeability (brightness) 
of the light which penetrates a liquid crystal layer. 

[0025] The viewing-angle characteristic curve when seeing a screen from a transverse plane in the case 
of the liquid crystal display concerning this example ( drawing 5 is describing the "transverse plane"), 
The viewing-angle characteristic curve when seeing a screen from the direction which makes the angle 
of 45 degrees fi'om width ( drawing 5 is describing "SIDE45""), The viewing-angle characteristic curve 
when seeing a screen fi"om the direction which makes the angle of 45 degrees from a top ( drawing 5 is 
describing "UP45""), If the viewing-angle characteristic curve ( drawing 5 is describing "DOWN45"") 
when seeing a screen from the direction which makes the angle of 45 degrees from the bottom is 
compared, these characteristic curves "SIDE45"", "UP45"", and "DOWN45"" show the ahnost same 
configuration. According to the viewing-angle direction, this does not have a difference in the property 
of image display so much, and shows the almost uniform thing. Therefore, since it seems that it is not 
said that the property of the display image changes with the directions which look at a screen extremely 
like the liquid crystal display corresponding to TN mode, improvement in a viewing-angle property is 
also attained. 

[0026] (2) Explain, referring to drawing 6 - drawing 7 about the liquid crystal display conceming the 
2nd example of this invention below in the 2nd example. In addition, about the matter which is common 
in the 1st example, since it overlaps, explanation is omitted. Since a point which that of the 
configuration of the liquid crystal display conceming the 2nd example of this invention is the same as 
the 1st example, and is different fi'om the 1st example is only the configuration of opening prepared in 
the counterelectrode (26), it omits explanation about a configuration. 

[0027] Below, the important section of the liquid crystal display conceming the 2nd example of this 
invention is explained. Drawing 6 is a plan explaining the electrode disposition of the hquid crystal 
display conceming the 2nd example of this invention, and drawing 7 is the B-B line cross section of 
drawing 6 . As shown in drawing 7 , the electrode disposition of the liquid crystal display conceming the 
2nd example of this invention On a TFT substrate (22), consist of an ITO film and 300 micrometers long 
and a 200 micrometers wide pixel electrode (32a) are formed. A gate bus line (32b, 32c) with a width of 
face of about 10 micrometers is formed in the both sides, the liquid crystal layer which has the liquid 
crystal molecule (24A) by which perpendicular orientation was carried out is formed on it, and it comes 
to form on it the counterelectrode (26) which consists of an ITO film. 

[0028] In addition, the non-illustrated drain bus line is formed and TFT which is not illustrated [ which 
impresses driver voltage to a pixel electrode (32a) ] is prepared around the pixel electrode (32a) so that it 
may intersect perpendicularly with a gate bus line (32b, 32c). Opening (36A) which has the 
configuration of a rectangle with a width of face of 5 micrometers is prepared in the field which met one 
diagonal line of a pixel at the counterelectrode (26). 

[0029] If the liquid crystal display concerned is operated and voltage is impressed to a pixel electrode 
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(32a), electric field will occur between a pixel electrode (32a) and a counterelectrode (26), and as the 
liquid crystal molecule (24A) of the liquid crystal layer in the formation field of a pixel electrode (32a) 
shows drawing 6 and drawing 7 under the effect, it will incline. Since a counterelectrode (26) does not 
exist in opening (36A) at this time, the electric field in that field are feeble, and the liquid crystal 
molecule (24A) in the formation field of opening has stood in the direction of a vertical, holding the 
condition of the perpendicular orientation of the beginning, without hardly being influenced of the 
electric field which exist between a pixel electrode and a counterelectrode, and is stable. 
[0030] Therefore, since the hquid crystal molecule (24A) which exists in the formation field of opening 
(36A) has stood at right angles to stability, the stacking tendency of the hquid crystal molecule (24A) 
which exists on the outskirts of a formation field of opening (3 6 A) also becomes stability by the 
interaction with the liquid crystal molecule (24 A) in the formation field of opening (36A). Therefore, as 
shown in drawing 6 , the direction of orientation of the hquid crystal molecule (24A) of each pixel 
carries out orientation so that it may go to the core of a pixel. 

[0031] Though the direction of orientation of a liquid crystal molecule varies somewhat for every pixel 
since orientation of the liquid crystal molecule (24A) is similarly carried out about all pixels if this 
prepares opening (36A) in the same location of each pixel formation field, the disclination line which 
shows the boundary hne of the direction of orientation of a liquid crystal molecule (24A) appears in 
homogeneity about each pixel like the 1st example. Therefore, it becomes possible to inhibit 
ZARATSUKI of an image and it becomes possible to obtain a clear display image. 
[0032] Moreover, also in the field of a viewing-angle property, improvement in a viewing-angle 
property is also attained so that it may not say that the property of the display image changes with the 
directions which look at a screen extremely like the liquid crystal display corresponding to TN mode 
like the 1st example. 

(3) Explain, referring to drawing 8 - drawing 9 about the hquid crystal display conceming the 3rd 
example of this invention below in the 3rd example. In addition, about the matter which is common in 
the 1st and 2nd example, since it overlaps, explanation is omitted. 

[0033] Below, the important section of the hquid crystal display conceming the 3rd example of this 
invention is explained. Drawing 8 is a plan explaining the electrode disposition of the liquid crystal 
display conceming the 3rd example of this invention, and drawing 9 is the C-C line cross section of 
drawing 8 . As shown in drawing 9 , on a TFT substrate (22), consist of an ITO film and 300 
micrometers long and a 200 micrometers wide pixel electrode (32a) are formed. A gate bus line (42b, 
42c) with a width of face of about 10 micrometers is formed in the both sides, the liquid crystal layer 
which has the liquid crystal molecule (24A) by which perpendicular orientation was carried out is 
formed on it, and it comes to form on it the counterelectrode (26) which consists of an ITO film. 
[0034] In addition, the non-illustrated drain bus line is formed and TFT which is not illustrated [ which 
impresses driver voltage to a pixel electrode (42a) ] is prepared around the pixel electrode (42a) so that it 
may intersect perpendicularly with a gate bus line (42b, 42c). Opening (46A) which has the 
configuration of a rectangle with a width of face of 5 micrometers is prepared in the field which met the 
diagonal line of both pixels at the counterelectrode (26) in the shape of an X character. 
[0035] If the liquid crystal display concerned is operated and voltage is impressed to a pixel electrode 
(42a), electric field will occur between a pixel electrode (42a) and a counterelectrode (26), and the liquid 
crystal molecule (24A) of the liquid crystal layer in the formation field of a pixel electrode (42a) will 
incline under the effect. Since a coimterelectrode does not exist in opening (46A) at this time, the 
electric field in that field are feeble, and the liquid crystal molecule (24A) in the formation field of 
opening holds [ without hardly being influenced of the electric field between a pixel electrode (42a) and 
a counterelectrode (26) ] the condition of the perpendicular orientation of the beginning and is stable. 
[0036] Therefore, since orientation of the hquid crystal molecule in an opening formation field was 
carried out in the direction of a vertical and it is stable even if the direction of orientation of a liquid 
crystal molecule varies somewhat for every pixel, orientation also of the liquid crystal molecule of the 
circumference of it is carried out by the interaction with the stable liquid crystal molecule of an opening 
formation field so that it may go to the core of a pixel like the 1st and 2nd example. For this reason. 
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since orientation of the direction of orientation of the liquid crystal molecule which had differed in 
preparing opening in the same location of each pixel about each pixel is carried out so that it may go to 
the core of each pixel, the variation in the direction of orientation for every pixel is reduced. 
[0037] Therefore, it becomes possible to obtain the clear display image which can inhibit ZARATSUKI 
of an image since the disclination line which shows the direction of orientation of a liquid crystal 
molecule like the 1st and 2nd example appears similarly about each pixel or generating of a disclination 
line is in agreement with the outline section of a opening (46A), and does not have ZARATSUKI by 
orientation of the liquid crystal molecule of each pixel being carried out to homogeneity. 
[0038] Moreover, also in flie field of a viewing-angle property, improvement in a viewing-angle 
property is also attained so that it may not say that the property of the display image changes with the 
directions which look at a screen extremely like the liquid crystal display corresponding to TN mode 
like the 1st and 2nd example. 
[0039] 

[Effect of the Invention] As explained above, according to the liquid crystal display conceming this 
invention, the liquid crystal layer (12) which has the liquid crystal molecule by which perpendicular 
orientation was carried out is prepared between a pixel electrode (11) and a counterelectrode (13), and 
opening (14) is prepared in the counterelectrode (13). For this reason, since a viewing-angle property 
improves and orientation of the liquid crystal molecule of each pixel is carried out to homogeneity, 
without needing rubbing processing like the conventional TN method, a disclination line appears 
similarly about each pixel, and becomes possible [ obtaining a clear display image without 
ZARATSUKI ]. 



[Translation done.] 
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